The human lens is ideal for the study of macromolecular aging because cells in the centre, along with their constituent proteins, are present for our entire lives. We examined the major membrane protein, aquaporin 0 (AQP0), in regions of the lens formed at different times during our lifespan, to determine if similar changes could be detected and if they were progressive. Membrane fractions from three concentric lens regions were examined by SDS-PAGE coupled with densitometry, and Western blotting, to assess the time course of truncation. The overall extent of modification was also examined by MALDI mass spectrometry of the undigested proteins. In all regions, AQP0 became progressively more truncated, specifically by the loss of a 2 kDa intracellular C-terminal peptide. The proteolysis increased steadily in all regions such that half of the AQP0 in the barrier region (that part of the lens formed immediately after birth) had been cleaved by age 40-50. MALDI mass spectrometry revealed that in all regions, AQP0 not only was shortened, it also became progressively more heterogeneous with age. Since the lens interior is devoid of active enzymes, it is very likely that the cleavage of AQP0 is chemically induced. We speculate that the loss of this C-terminal peptide 'spacer' may allow occlusion of AQP0 pores on the cytoplasmic face of the fibre cell membranes. Once a significant proportion of AQP0 has been cleaved, this occlusion may contribute to the formation of the lens permeability barrier that develops at middle age.
Introduction
The lens is an ideal tissue to study the impact of aging on the structures and properties of macromolecules since there is little, or no, cellular turnover once mature fibre cells are formed (Lynnerup et al., 2008) . Exposure of these macromolecules to modifications over a period of decades may have important consequences for the function of the lens.
It has been proposed that the pronounced post-translational modification and protein oxidation in the centre of human lenses which characterize human age-related nuclear cataract, arise as a consequence of the development of a lens barrier (Truscott, 2000 (Truscott, , 2005 . This barrier forms at middle age in normal lenses and acts to retard the diffusion of antioxidants from the metabolically-active, outer part of the lens (cortex), into the lens centre (nucleus), leaving it prone to oxidative modification. Since small molecules spend relatively more time in the nucleus after the barrier forms at middle age, there is more time for breakdown of intrinsically unstable molecules such as ascorbate (Ortwerth et al., 1988) and the tryptophan-derived UV filters (Hood et al., 1999; Vazquez et al., 2002) . As a result, net modification of nuclear proteins increases markedly after age 50 (Hood et al., 1999; Korlimbinis et al., 2007; Korlimbinis and Truscott, 2006; Vazquez et al., 2002) . The reason(s) for the development of the barrier at the molecular level are not yet known.
Since diffusion of both glutathione (GSH) (Sweeney and Truscott, 1998) , and water (Moffat et al., 1999) , are affected upon barrier formation, major modifications may be taking place to the integral membrane proteins connexin 46, connexin 50, which make up gap junctions, and also aquaporin 0 (AQP0), which acts to facilitate water movement between cells. Using both diffusion-based techniques, the equatorial diameter of the barrier in the human lens has been found to be approximately 7 mm, and does not change its dimensions with age (Moffat et al., 1999; Sweeney and Truscott, 1998; Truscott, 2000) .
Research on the barrier has been hampered because little is known about the way in which compounds move throughout the lens. A lenticular circulation model has been proposed for the movement of metabolites and water that is driven by ion flux within the lens (Mathias et al., 2007 (Mathias et al., , 1997 . In this model, solutes move into the lens via the extracellular space at the lens poles, enter cells in the deep cortex, then flow through cell-to-cell junctions along the equator towards the lens surface (Donaldson et al., 2001) , in accordance with the distribution of ion transporters, gap junctions, and AQP0. Although this model primarily addresses the outflow of ions and solutes, any lens transport system that involves the inner core, depends on there being numerous functional membrane pores between fibre cells. The importance of such a requirement is exemplified by the fact that mutations of AQP0 lead to cataract (Bateman et al., 2000; Francis et al., 2000; Shiels and Bassnett, 1996) and that AQP0 is the most abundant membrane protein in the lens.
AQP0 is a 28 kDa protein with six transmembrane domains and intracellular N-and C-terminal tails. Significant age-related modifications of AQP0 have already been characterized in human lenses (Horwitz et al., 1979; Roy et al., 1979; Takemoto et al., 1986) . These include phosphorylation and deamidation which have been localized to the C-terminus of AQP0 and may play a regulatory role (Schey et al., 2000) . Racemisation of Asp residues in this intracellular C-terminal peptide has also been detected (Ball et al., 2004) . Truncation is a major modification and several sites have already been characterized with age in whole lens analysis (Schey et al., 2000) or within dissected regions within a single lens (Ball et al., 2004 (Ball et al., , 2003 . Cleavage at asparagine residues appears to be a particular feature resulting in shortened forms of AQP0 that are truncated at Asn 246 and Asn 259 (Schey et al., 2000) .
The structure of full-length tetrameric AQP0, elucidated by X-ray crystallography, revealed water molecules in the pore (Harries et al., 2004) . By contrast, an electron crystallographic investigation of double-layered crystals of truncated AQP0 suggested that the pore was restricted and may not allow free flow of water molecules (Gonen et al., 2004) . Truncated AQP0 does however appear to have increased adhesive properties, possibly linked to its role in junctional domains between fibre cells (Gonen et al., 2004) .
It was the purpose of this paper to investigate changes in the MALDI mass spectra of nondigested AQP0, as well as the time course of cleavage of this integral membrane protein in regions obtained by dissection of human lenses of various ages. These lens regions are formed at different ages since the lens grows by the addition of newly differentiating cells to a preexisting inner core and there is no protein turnover in mature fibre cells. The nucleus of the adult human lens is formed in utero and the barrier region post-natally. In this study, the nucleus was divided into two zones 'inner core' and 'outer core' that are formed at different times prior to birth. Since cells are not shed, and there is no evidence for lens compaction in humans (Fisher and Pettet, 1973; Heys et al., 2004; van Heyningen, 1972) , these regions can be compared directly to follow age-related changes to the proteins within them.
Methods
Purified water (18.2 MΩ/cm 2 ; Milli-Q; Millipore, Bedford, MA) was used in the preparation of all solutions. Buffer A was 10 mM phosphate buffer, pH 7 containing 0.1 mM ethylene glycol-bis(2-aminoethylether) tetraacetic acid (EGTA) plus Complete, mini protease inhibitor cocktail tablets (Roche Applied Science, Penzberg, Germany) (1 tablet per 10 mL of buffer). Buffer B consisted of 4 M urea in 10 mM Tris Buffer, pH 8 and buffer C consisted of 7 M urea in 10 mM Tris buffer, pH 8. All chemicals were purchased from Sigma-Aldrich Chemical Co. (St. Louis, MO, U.S.A.) unless otherwise stated.
Human lenses
Normal adult human lenses were obtained from the NSW Lions Eye Bank (Sydney, Australia). Fetal lenses were obtained courtesy of Dr Michele Madigan. Human tissue was handled in accordance with the tenets of the Declaration of Helsinki, with ethics approval from Wollongong and Sydney University and the Medical University of South Carolina. All lenses were stored at −80 °C. Each adult lens was decapsulated and dissected into four regions: inner core (4.5 mm), outer core (4.5-6.0 mm), barrier (6.0-8.0 mm) and cortex (>8.0 mm) regions using a series of three trephines as described previously (Heys et al., 2007) . The three trephines were employed consecutively starting with the 8.0 mm trephine. Approximately 1 mm was removed from the ends of the inner core and outer core, but not the narrower barrier region, due to difficulties in doing this reproducibly. Therefore the barrier region will contain a small amount of cortical material.
Extraction of membrane proteins
Each lens region was homogenized in Buffer A (600 µL), and the homogenate was centrifuged at 110,000 g for 20 min at 4 °C using a Beckman TL-100 ultracentrifuge. The supernatant was removed and the pellet was homogenized with Buffer A, a further two times. The remaining insoluble protein was re-suspended in Buffer B (200 µL) and centrifuged at 110,000 g for 20 min at 4 °C. This step was repeated twice. The remaining pellet was re-suspended in Buffer C (200 µL) and centrifuged at 19,100 g for 20 min at 4 °C. The pellet was then washed with Milli-Q water (100 µL) and centrifuged at 19,100 g for 20 min at 4 °C, and the supernatant removed. The pellet was then either prepared for gel electrophoresis and Western blotting or for MALDI analysis.
Gel electrophoresis and
Western blotting-Ethanol 95% v/v (500 µL) was added to the pellet and incubated at −20 °C overnight. The solution was centrifuged at 19,100 g for 20 min at 4 °C and the pellet was washed once with cold acetone (400 µL) and twice with Milli-Q water (400 µL), with centrifugation (19,100 g, 20 min, 4 °C) between each wash. The pellet was then suspended in 1% w/v SDS (~40 µL) and a micro BCA assay (Pierce Biotechnology, Inc. Rockford, IL, U.S.A.) was used to determine the protein concentration.
MALDI sample preparation-Each
pellet was reconstituted in water (100 µL); a portion was removed for analysis and centrifuged at 16,100 g for 2-4 min. The water was removed and each pellet was allowed to dry completely under argon. Each pellet was reconstituted in 0.5 µL of formic acid:hexafluoroisopropanol (7:3) and 1.5 µL of saturated sinapinic acid (70% (v/v) acetonitrile and 0.1% (v/v) trifluoroacetic acid). The sample-matrix mixture (0.5 µL) was spotted onto a MALDI plate.
Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE)
An 8% polyacrylamide resolving and stacking gel were used to separate the membrane proteins, and 8 µg of protein were loaded onto each sample lane. To an aliquot of sample an equal volume of 2× sample buffer (Tris buffer (0.5 M, pH 6.8), glycerol, SDS (10% w/v), bromophenol blue (0.5% w/v) and β-mercaptoethanol) was added. The sample mixture was heated at 50 °C for 5 min to denature the protein and then loaded onto the gel. Following electrophoresis, gels were washed with water and stained with SimplyBlue™ SafeStain (Invitrogen, CA, U.S.A.). Gels were imaged using a Canon CanoScan 9950F image scanner and band intensities were quantified with ImageJ (NIH).
Western blotting
Membrane proteins were transferred onto nitrocellulose membranes (Invitrogen, CA, U.S.A.) using CAPS buffer (10 mM, 10% v/v methanol, pH 11) at 170 mA for 80 min. The membrane was blocked with Blotto, non-fat dry milk (5% w/v) (Santa Cruz Biotechnology, Inc. CA, U.S.A.) for 16 hrs, then incubated with a polyclonal AQP0 antibody raised against a peptide mapping within an extracellular domain of human AQP0 (sc-49364, Santa Cruz Biotechnology, Inc. CA, U.S.A.) (dilution 1:150) for a further 24 hrs. ImmunoPure® Rabbit anti-goat IgG, (H +L) peroxidase conjugate (Pierce Biotechnology, Inc. Rockford, IL, U.S.A.) was added for 2 hrs (dilution 1:20,000) and the immunoreactive proteins were observed by enhanced chemiluminescence (SuperSignal® West Pico Substrate, Pierce Biotechnology, Inc. Rockford, IL, U.S.A.). Band intensities were quantified with a gel documentation system and GeneSnap software (Syngene, U.K.).
MALDI mass spectrometry
An AutoFlex III MALDI TOF mass spectrometer (Bruker Daltonics) in linear and positive ion mode was used for the analysis. Each spectrum was acquired with 350 laser shots. The instrument was calibrated with Insulin, Cytochrome C, Ubiquitin I and Myoglobin. For quantitation, peak intensities were determined using FlexAnalysis software (Bruker Daltonics), and the intensity displayed is the average from four spectra.
Results
The lens is unusual in that once mature fibre cells are formed, proteins do not turnover (Lynnerup et al., 2008) . For the vast majority of lens proteins, it is a life sentence. This fact does not however mean that proteins in older lenses are unaltered. The intrinsic instability of some amino acid residues, for example Asn, means that aging can be associated with deamidation, racemisation and peptide bond cleavage (Robinson and Robinson, 2004) .
Intact AQP0 is a water channel protein (Mulders et al., 1995) which acts to facilitate water movement across cell membranes. The fact that AQP0 is truncated from the C-terminus, to yield a polypeptide approximately 2 kDa shorter, has been known for some time (Horwitz et al., 1979; Roy et al., 1979; Schey et al., 2000; Takemoto et al., 1986) however the time course of truncation has not been determined, nor was it clear if cleavage occurs in different lens regions at similar rates.
An examination of fetal lenses showed that there was no detectable truncation of AQP0 (Fig.  1) , however the inner core region of 5 year-old lenses, revealed a significant amount of cleavage of AQP0. This suggests that cleavage occurs very early during growth and development. In order to examine this feature in greater detail, human lenses across the age range were dissected into concentric rings using three trephines. The isolated regions are referred to as inner core (4.5 mm diameter), outer core (4.5-6 mm diameter), barrier (6-8 mm diameter) and cortex (>8 mm diameter). Each region was homogenized, and the membrane fraction that remained after 7 M urea extraction, was examined by SDSPAGE. The ratio of the intact to truncated AQP0 bands was assessed using densitometry and the data are depicted graphically in Fig. 2 using SigmaPlot 9 (the data points were fitted with the Exponential Rise to max, Double, 4 Parameter Curve and Exponential Decay, Triple 6 Parameter).
In each region of the lens, a similar time course was observed, with the extent of truncation increasing with age. In the early years (i.e. by age 20), approximately half of the total AQP0 had been truncated in the inner core region. The cross-over point, i.e. the age at which 50% of the AQP0 had been truncated, differed in the three lens regions studied. In the inner core it was 25 years, in the outer core 35 years and in the barrier region 47 years (Fig. 2) . These lens regions are formed at different stages of development, corresponding approximately to early gestation (inner core); pre-natal (outer core); and post-natal (barrier). Truncation in the lens is likely to occur non-enzymatically, since incubation of a synthetic peptide, corresponding to the sequence of AQP0 C-terminal tail in buffer at 37 °C displayed cleavage at Asn 246 and 259 (Ball et al., 2004) . It is also unlikely that proteolytic enzymes remain active in the very old lens regions, such as the inner core.
To confirm that the lower molecular weight band observed by SDS-PAGE was indeed truncated AQP0, and not, for example, a crystallin protein that had remained tightly bound to the fibre cell membranes during extraction, Western blotting was performed on the barrier region from selected lenses (Fig. 3) . Immunoreactivity was observed in each lens at the position corresponding to the lower molecular weight band. In-gel tryptic digestion of the low molecular weight band also confirmed the presence of truncated AQP0. Using GeneSnap software the intensity ratios of the two bands obtained by Western blotting were then compared to those from densitometry of Coomassie-stained gels of the same lenses. Table 1 shows that there was a reasonably good correlation between the two sets of data. These experiments demonstrated that the major component of the low molecular weight band detected by SDS-PAGE was truncated AQP0.
Samples of membrane fractions from the three lens regions were also examined directly by MALDI mass spectrometry (Fig. 4) using a method developed previously (Ball et al., 2004; Schey et al., 1997) . This procedure is not likely to be quantitative but it enabled us to compare the relative amounts of truncated and intact AQP0. Intact AQP0 (1-263) and three truncation products were observed in most spectra with the masses of the (M +H) + ions corresponding to: 28,123 Da (AQP0 1-263), 27,709 Da (AQP0 1-259), 26,359 Da (AQP0 1-246), and 26,059 Da (AQP0 1-243). In the barrier region, the ratio of intact AQP0 to truncated AQP0 was determined for each individual truncation and the peak intensities summed to allow a semi-quantitative estimation of the total truncation. These data are presented in Table 2 . The major truncation observed was at residue 246, and the ratios reveal a continuous increase with age in the amount of this truncation product. The data for truncation at residue 259 show that there was little or no change in the relative amount of AQP0 before age 50. After age 50, it was not possible to accurately identify the molecular ion for this truncation product or to calculate its relative amount. There appeared to be no significant increase in the relative amount of AQP0 truncated at residue 243 after age 50. The ratios of intact AQP0:total truncated AQP0 are also shown in Table 2 . It should be recognized that "quantification" using this mass spectrometry technique is subject to a number of variables for each intact protein in the mixture such as, detector response, ionization efficiency and ease of desorption from the matrix. It was therefore somewhat surprising that, using this very different technique, the ratios were similar to those obtained by the other two methods (Table 1 ). The average amount of truncation for lenses aged over 80 years in the barrier region was estimated to be approximately 60% compared with 70% for the inner core and outer core regions (Fig. 2) .
In addition, the MALDI spectra provided data on the extent to which AQP0 had been posttranslationally modified during the years in which it had been present in the lens. The mass spectra showed that newly synthesized AQP0, for example that which is present in the cortical region, was very similar to that in fetal lenses (data not shown). The peak shapes were quite narrow and the well-defined peaks corresponding to phosphorylated AQP0 were clearly evident.
With increasing age, the appearance of the AQP0 signals in the MALDI spectra changed in all lens regions in a similar manner (Fig. 4) . In each case the intact AQP0 polypeptide peak became broader in older lenses and the peaks within each envelope, less well-defined. A similar pattern was observed for the truncated AQP0 peak. Some age-related patterns could be discerned by comparing the individual spectra from three lenses (Fig. 4) . The MALDI spectra of all three regions from the young lens were quite similar. By age 47 the inner core spectrum had changed significantly. Although the appearance of the barrier spectrum by age 47 remained similar to that of the 22 year-old barrier, the intensity of the intact AQP0 signal is 1.5-5.7× higher at 22-23 years, while at 46-50 years it is 1.6-1.8× lower than the intensity of truncated AQP0 1-246. By age 78, AQP0 in the barrier had come to resemble that of the 47 year-old inner core, with truncated AQP0 1-246 being the prominent signal. In the oldest lens, all regions were characterized by two indistinct humps with truncated AQP0 being the larger of the two components. These results would be expected if AQP0 polypeptides were being gradually modified, for example, by reactive small molecules produced as a consequence of lens metabolic activity. It is well known that reactive small molecules are formed in the human lens by decomposition of mono-saccharides or ascorbate (Ortwerth et al., 1988) or UV filters Garner et al., 2000; Hood et al., 1999; Vazquez et al., 2002) , that these bind to proteins in human lenses, and that the amounts increase with age (Korlimbinis et al., 2007; Korlimbinis and Truscott, 2006; Vazquez et al., 2002) .
Discussion
The major intrinsic membrane protein of the lens, AQP0, is a member of the aquaporin family of water channel proteins. Originally it was called membrane intrinsic protein (MIP 26 or MP 26) and, on the basis of early data, MIP was hypothesized to be a gap junction protein (Bok et al., 1982; Ehring et al., 1990; Fitzgerald et al.,1983; Girsch and Peracchia,1985; Peracchia and Girsch,1989) . Sequencing of AQP0 showed however that this was not the case, and it is likely that this pore protein is primarily responsible for water permeability in intact lenses.
Gonen and co-workers found that the truncated form of AQP0, which had been isolated from the nuclei of ovine lenses, tended to form a crystal bilayer with the same dimensions as the thin junctions between fibres of the lens inner core (Gonen et al., 2004) . Their results also suggested that truncation enhanced the adhesive properties of the extracellular surface of AQP0, and that the pore in the crystals of truncated AQP0 appeared to be restricted and therefore, that the clipped AQP0 may not be able to act as an efficient water channel.
Transport of compounds from the metabolically active cortex to the ancient interior of the lens is a process that is vital for maintaining an internal reducing environment, and in this way, minimizing the extent of protein modification in the lens center. It has been proposed that when a barrier to movement of GSH (Sweeney and Truscott, 1998) and water (Moffat et al., 1999) forms at middle age, age-related cataract comes about as an inevitable consequence (Truscott, 2000) . If indeed the truncated form of AQP0 does not function in the lens as an effective water channel, then cleavage of AQP0 may contribute to the formation of the barrier. In this study we followed the truncation of AQP0 in concentric lens regions, including the barrier region, as a function of age. It is important to recognize that the so called 'barrier region' of the lens is that part which is formed just after birth. Since no measurable compression of the nucleus takes place in human lenses (Fisher and Pettet, 1973; Heys et al., 2004; van Heyningen, 1972) it is possible to compare the 'barrier region', (as well as the inner core and outer core regions), in lenses of different ages and to follow the progress of changes to macromolecules within that region. Thus the region of the lens that we refer to as the 'barrier region' exists in lenses from people younger than age 50 however it only acts to limit movement of small molecules after age 50; once age-related modifications in this zone have taken place. Since AQP0 represents approximately 50% of the total membrane protein, it was possible to follow its cleavage in isolated lens membranes using a combination of techniques: SDS-PAGE, Western blotting and MALDI mass spectrometry.
Our data showed clearly that although AQP0 in fetal lenses was intact, significant cleavage of aquaporin takes place early in life, such that approximately one third of the AQP0 had been cleaved by age 5 in the inner core, and that by age 20, almost half of the AQP0 present in this region had been truncated. The size of the lens' inner core used in our study, corresponds approximately to the size of the fetal lens (Dilmen et al., 2002) , allowing us to compare these regions directly. In all lens regions that were examined, total AQP0 cleavage increased steadily with time. This finding is consistent with the hypothesis that AQP0 truncation is largely, if not entirely, a non-enzymatic process that comes about by hydrolysis of a susceptible peptide bond adjacent to asparagine residue 246 in the C-terminal tail of the molecule (Ball et al., 2004) . In other species, for example, the rat, truncation of AQP0 may be mediated via enzymes such as calpain (Schey et al.,1999) . By age 40-50 when a functional barrier forms in human lenses, approximately half of the AQP0 in the barrier region had been truncated (Fig. 2) . Since truncation of AQP0 takes place earlier than when the functional barrier is observed at middle age, and in all lens regions, it seems unlikely that this process is, of itself, responsible for the formation of the barrier. Nevertheless, it may contribute to its formation, and the ongoing process of truncation will gradually lessen the ability of water molecules to move freely between the fibre cells in all regions of the lens. Since the time of barrier formation corresponds to middle age, when half of the AQP0 has been cleaved, it may be that this degree of truncation is necessary to allow sufficient binding of high molecular weight protein complexes to membranes (Heys et al., 2007) to create the barrier. It is very likely therefore that other related factors, in particular the aggregation and insolubilisation of cytoplasmic proteins are involved. It is known that there is a large-scale conversion of soluble to insoluble proteins within the human lens at around age 40-50 (Heys et al., 2007) and we have recent evidence that most of this is associated with membranes ( (Schey et al., 2007) and unpublished data). It is also possible that the truncation of AQP0 is unrelated to barrier formation.
Removal of the cytoplasmic C-terminal tail of AQP0 may have three important consequences in the human lens. Firstly, as proposed by Gonen et al., it may promote tight junction formation by increasing adhesion of the extracellular AQP0 surfaces (Gonen et al., 2004) . Such a process would presumably lessen extracellular diffusion in this region. Secondly, binding to the intermediate filament proteins filensin and CP49 is lost, perhaps affecting fibre cell shape (Lindsey Rose et al., 2006) and also the integrity of the network of cytoskeletal fibres that underlie the fibre cell membranes. Thirdly, it may allow the internal face of the AQP0 pore to become occluded by proteins that progressively aggregate and precipitate in the cytoplasm of the fibre cells during our lifespan (Heys et al., 2007) .
MALDI mass spectrometry of AQP0 corroborated the truncation data derived from gel-based studies (Table 1) , and it also provided additional information on age-related modifications of AQP0. It is clear from the appearance of the profiles (Fig. 4) that the peaks due to AQP0 become progressively broader and less well-defined with increasing age. This would be expected if the protein is being subjected to relentless covalent adduction by a multitude of reactive molecules, in addition to processes such as deamidation (Hains and Truscott, 2007; Wilmarth et al., 2006) leading to a greater degree of heterogeneity. The MALDI profiles from the different lens regions showed that the same general processes appeared to take place in each lens region (Fig.  4) . Since these lens regions were formed at different developmental stages, and therefore contain proteins of younger average age as one moves outwards progressively from the inner core to the outer core, to the barrier and then the cortical region, this finding reflects the time to which these AQP0 polypeptides have been exposed to the biochemical milieu. It should be emphasized that the processes documented in the study take place in regions of the lens that do not contain organelles, and therefore do not reflect the complex processes associated with fibre cell differentiation.
In summary, we have characterized the age-dependent cleavage and modification of a major membrane protein within the human lens and have demonstrated that truncation of the Cterminus of AQP0 begins very early, possibly around birth, and continues in all lens regions in a time-dependent manner. We speculate that truncation of AQP0 may allow binding of denatured crystallins to the cytoplasmic face of AQP0 leading to eventual occlusion of membrane pores and ultimately to the formation of the lens barrier. The changes to AQP0 in the lens continue over our lifespan because there is no protein turnover and this model system may provide a useful example for similar age-related modifications that presumably take place in other long-lived proteins of the human body. Analysis of human fetal lenses. Membrane protein was extracted from four fetal lenses (14 week gestation (WG), 16 WG, 18.5 WG and 19 WG) and was examined by three techniques. A, SDS-PAGE gel, showing one major band at ~25 kDa; B, Western blot probed with an antibody to an extracellular peptide of human AQP0; C, MALDI mass spectrum of intact (undigested) membrane proteins. M= Marker. The relative amounts of AQP0 and truncated AQP0 in human lens membrane protein as a function of lens age. A, Barrier region; B, Outer core region; C, Inner Core region. Densitometry of Coomassie-stained gels was used for quantification of the components in the membrane fraction. A, An SDS-PAGE gel of membrane proteins isolated from the barrier region of human lenses. The ages of the lenses are shown below each lane. B, The corresponding Western blot using an antibody to AQP0. MALDI mass spectra of membrane proteins from the barrier, inner core and outer core regions of human lenses. Representative spectra from three age groups, young (22 years), middle-aged (47 years) and old (78 years) are displayed. All spectra show 2 peaks; the ion at ~26,000 Da corresponds to truncated AQP0 and the ion at ~28000 Da to intact AQP0. A peak corresponding to intact AQP0 plus 265 Da was observed in all samples. The identification of this modification is currently being investigated. Table 2 Data from MALDI mass spectrometry of the barrier region. The intensity of each molecular ion has been presented as the ratio of intact AQP0:truncated AQP0. 1-259, 1-243 and 1-246 are the 3 truncations observed in human lenses, and the 5th column is the sum of each truncation. Column 6 shows the ratio of AQP0 to the form of AQP0modified by an unknown compound of apparent mass 265 Da. 
